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Applying the lessons of maternal mortality reduction to global

emergency health

Emilie J Calvello,? Alexander P Skog,* Andrea G Tenner® & Lee A Wallis

Abstract Over the last few decades, maternal health has been a major focus of the international community and this has resulted in a
substantial decrease in maternal mortality globally. Although, compared with maternaliliness, medical and surgical emergencies account for
far more morbidity and mortality, there has been less focus on global efforts to improve comprehensive emergency systems. The thoughtful
and specific application of the concepts used in the effort to decrease maternal mortality could lead to major improvements in global
emergency health services. The so-called three-delay model that was developed for maternal mortality can be adapted to emergency service
delivery. Adaptation of evaluation frameworks to include emergency sentinel conditions could allow effective monitoring of emergency
facilities and further policy development. Future global emergency health efforts may benefit from incorporating strategies for the planning

and evaluation of high-impact interventions.

Abstracts in S5 H13Z, Francais, Pycckuii and Espafiol at the end of each article.

Introduction

Global health initiatives are fuelled by the extent of the associ-
ated public health need, the severity of the problem involved and
the availability of feasible solutions to that problem. In general,
the success of such initiatives depends on the organized, con-
certed and relentless advocacy of international stakeholders - to
inspire continued dedication during an often long campaign.
The global effort to reduce maternal mortality has benefited
from such advocacy, as demonstrated by the progress made
towards the achievement of Millennium Development Goal
5 - i.e. towards a 75% reduction of maternal mortality, from
its 1990 level, by 2015."* The global community’s approach to
improvement in maternal mortality may be applied to other
high-impact public health issues, including the delivery of all
emergency services.

Compared with maternal illness, medical and surgical
emergencies account for far more morbidity and mortality.
However, efforts to improve comprehensive emergency systems
globally have not achieved as much attention as the improve-
ment of maternal health. Traditionally, attempts to improve the
management of emergencies in low- and middle-income coun-
tries have been focused on the vertical delivery of health services
such as trauma care or responses to obstetric emergencies.’
Questions have been raised about the adaptability and flexibility
of emergency systems designed around vertical delivery models.
For example, it is unclear whether such systems facilitate an ad-
equate response to the new and evolving needs of the communi-
ties to be served.* More recently, efforts to develop and improve
emergency systems in low- and middle-income countries have
included limited horizontal approaches.”” Many of these efforts
have focused on improving the care provided by ambulance ser-
vices or other out-of-hospital care, formalizing training for care
providers, improved transportation infrastructures and vehicles
or the strengthening of public policy.”® Despite these inroads
into the construction of horizontal emergency systems, there
has been scant investigation of effective integrated packages of

emergency services or of community engagement to strengthen
emergency care. There has been insufficient dialogue on the
design of an effective framework to identify, understand and
improve areas of weakness in the general emergency systems
of low- and middle-income countries.

The right to health has been endorsed by multiple interna-
tional treaties and national constitutions.””"! In most low- and
middle-income countries, access to good emergency services
during a patient’s greatest time of need remains a frequently
overlooked but essential element of that right. The far-reaching
effects of insufficient emergency systems and health care are par-
ticularly apparent in the context of the Ebola virus outbreak in
west Africa.” Despite the relative paucity of relevant literature on
the building of good emergency systems, it has been estimated
that integrated prehospital and in-hospital emergency systems
could address 35-46% of morbidity and mortality in low- and
middle-income countries.’ The burden of emergencies - like the
burden of maternal illness - falls largely on low- and middle-
income countries.”” Many of the lessons learnt from efforts to
reach Millennium Development Goal 5 in low- and middle-
income countries are transferrable to the critical barriers in
the development of effective emergency systems. These lessons
include the unified conceptual framework required to achieve
a holistic understanding of the large morbidity and mortality
burdens caused by emergencies of all types — infectious disease,
noncommunicable disease and trauma. Such a framework is also
a key element in the evaluation of impacts and the direction of
any proposed interventions. To describe a potential framework,
we used standardized terms that refer to certain aspects of
emergency systems, services and care (Box 1).>"*

The three-delay model

The recent decrease seen in maternal mortality is a product
of interdisciplinary efforts that used multiple approaches to
increase service availability and remove financial barriers
to care.” An early model provided an invaluable framework
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Box 1. Definitions of terms used in emergency health

Emergency systems

All organizations, institutions and resources whose primary purpose is to promote, restore and/
or maintain health in medical and/or surgical emergencies

Emergency services

The sum of all efforts to deliver effective health action in response to extreme risk under intense
time pressure, including interventions at both the population level and the individual level
Emergency care

The subset of emergency services focused on delivery of curative interventions targeted at severe

clinical cases — the prime tool for addressing emergent health conditions that present sudden
or unexpected threats and thus a critical output of the overall health system

Fig. 1. The three-delay model in emergency care
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for understanding not only the factors
contributing to the mortality resulting
from obstetric emergencies but also the
initiatives that may have most potential
impact.”® A later model focused on the
three main factors that affected the out-
come of emergency presentation during
pregnancy. These factors were defined,
chronologically, as the lengths of the
delays in: (i) the decision to access care,
(ii) the identification of - and transport
to — a medical facility, and (iii) the receipt
of adequate and appropriate treatment."”
Socioeconomic and cultural factors, ac-
cessibility of facilities and quality of care
may independently affect the lengths of
these three delays (Fig. 1). This so-called
three-delay model illustrated that mater-
nal mortality was not due solely to alack
of economic and human resources but
was a product of numerous interwoven
factors. A poor patient outcome is likely
to result if any of these factors contribute
to an undue delay. For example, an in-
ability to recognize an emergency may
extend the delay in the decision to seek
care. While the ability of the patient or a
caregiver to recognize an emergency is
partially dependent upon the patient’s
or caregiver’s level of education, studies
have shown that true obstetric emergen-
cies may not be perceived as emergencies
in areas where they commonly occur.'*"
Additionally, in various cultures, women’s
status can affect both the ability of women
to decide to seek care and their subse-
quent ability to reach care.”**!

Transferability of the model

The established definition of general
emergency services — as all efforts to
provide services, in time-sensitive
conditions, to patients and popula-
tions under extreme risk — may easily
be extended to obstetric emergencies
as conceptualized in the three-delay
model.’ General emergency services are
not restricted to the provision of medi-
cal interventions but also require timely
action.” In the three-delay model, the
contributors to delays are not specific
to emergencies during pregnancy but
can be applied to emergencies in general
(Fig. 1). The barriers posed by transport
access, distance to care and gender-
specific differences in cultural status, for
example, are relevant to all emergency
services.”” Similarly, the barriers posed
by distance from health facility and the
perception of the quality of services -
which have been shown to increase the
time it takes for a sick pregnant mother
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to access care'” — are common targets of
programmes to improve the delivery of
emergency service in general.”>*
Efforts to reduce maternal mortality
have benefited from the relatively small
number of etiologies that contribute to
most such mortality - i.e. haemorrhage,
sepsis, unsafe abortion, pre-eclampsia,
eclampsia and prolonged obstructed
labour - and the corresponding effec-
tive treatments that are available.”” It
has been estimated that 74% of maternal
mortality could be averted if all women
received appropriate emergency obstet-
ric care.”® Although general emergency
health involves a vast array of etiologies,
there are relatively few conditions that,
if left untreated, frequently and rapidly
progress to death (Fig. 2).” In Novem-
ber 2013, at the African Federation of
Emergency Medicine Consensus Con-
ference in Cape Town, South Africa, six
emergency sentinel conditions - shock,
respiratory failure, dangerous fever,
severe pain, trauma and altered mental
status — were endorsed by 150 physicians
as the basis of an effective organizational
framework for emergency care.” Shock,
respiratory failure, trauma and altered
mental status are commonly under-
stood clinical syndromes. Severe pain
encompasses conditions such as cardiac
ischaemia, acute abdominal pathologies
and causes of headache that are medical
emergencies.'” Dangerous - i.e. life-
threatening - fever has many possible
etiologies but is frequently the result of
infections, environmental conditions,
endocrine abnormalities or toxins.*® As
with the small number of conditions that
cause most maternal mortality, there are
critical time points when appropriate in-
terventions may prevent the progression
of each sentinel emergency condition.

Critical time points
Seeking care

Effective emergency care is dependent
upon the patient’s or caregiver’s ability
to recognize that an abnormal condition
exists, that the condition has a level of
severity warranting intervention and
that an intervention is available to
treat the condition.” Any slowness in
the recognition of a potentially severe
condition will decrease the likelihood
that appropriate care will be provided
in a timely and effective fashion. Cost
appears to be a less important barrier to
utilization than other factors, especially
when an emergent condition is present.'”

The patient’s or caregiver’s perception of
the quality of care that the patient will
receive does seem to have a strong effect
on their decision to seek care.”” These
findings have been recently validated,
for all types of emergencies, among com-
munities in rural Kenya and Zambia.*

Reaching care

The delay in identifying and reaching
a medical facility is dependent upon
the planning and organization of pre-
hospital emergency services in the
setting involved. Effective prehospital
care — even in low-resource settings
- improves survival by decreasing the
time to treatment.®” Community-based
first responders can reduce mortality
and morbidity substantially, especially
among trauma cases. In northern Iragq,
for example, the mortality rates from
penetrating trauma and land-mine
injuries declined from 91% to 15%
and from 28% to 9%, respectively, after
community-based first responders were
trained to provide field care for such
traumas and to cooperate with paramed-
ics when needed.’ If care delays are to be
minimized, the individuals who provide
prehospital services need to be able to
identify the level of care that a patient
requires and to take the patient directly
to the nearest facility that offers that
level of care.”

Receiving appropriate care

The delay in the receipt of appropriate
care — after the patient has reached a
health facility - may be broken down
into three parts: the delay in the provi-
sion of appropriate care at the initial
facility, the delay in the patient’s transfer
to another facility for definitive care — if
needed, and the delay in the provision of
appropriate care at the second facility -
if needed (Fig. 3).”” Delay at any of these
time points has been shown to worsen
patient outcome.”* For cases of sepsis,
for example, rapid triage at a health-care
facility and early therapy — which should
be possible even in low-resource settings
- can reduce mortality substantially.” In
rural Malawi, paediatric mortality was
decreased by providing resuscitation in
the emergency department instead of in
the wards, formalizing the triage pro-
cess and decreasing the time it took for
patients to see senior-level providers.”

Monitoring provision

Each of the delays considered in the
three-delay model is determined by
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a multiplicity of factors. Each must
therefore be assessed by gauging broad
indicators of outcome rather than by
considering service utilization alone.
The danger of monitoring the provision
of emergency care simply in terms of
service utilization is illustrated by the
results of a recent prospective cohort
study in El Salvador.” In this study, the
rates of sepsis and infectious mortality in
children with acute leukaemia who were
being treated for fever were investigated.
Although all of the study children were
being treated at a single hospital, those
who had had to travel relatively long
distances to reach the hospital and those
with relatively low household incomes
had taken longer to receive antibiotics
and had poorer outcomes than the other
children. Additionally, the time taken
in deciding to seek care for a sick child
was found to be greater when the child’s
mother was illiterate.”®

The assessment of broad indicators
rather than service utilization was rec-
ommended by the World Health Orga-
nization (WHO). Monitoring emergency
obstetric care: a handbook® identifies
broad indicators for emergency obstetric
care and defines acceptable levels for
each indicator as appropriate delivery
targets. For example, one indicator is the
minimum of five emergency obstetric-
care facilities for every 500000 people,
with at least one facility providing
comprehensive emergency obstetric
services. Systems’ capability can be as-
sessed by using the acceptable levels as
benchmarks and checKklists to assess the
factors that contribute to each delay of
the three-delay model."”

While indicators can be used to
evaluate an entire system’s performance,
the care being provided for each type
of major emergency at the facility level
also needs to be assessed. Monitoring
emergency obstetric care: a handbook
describes so-called signal functions -
i.e. life-saving services — for each major
cause of maternal death. These func-
tions can be used to assess a particular
facility’s ability to prevent delays in the
receipt of appropriate emergency care,
after a patient has reached a health fa-
cility. The successful implementation of
signal functions indicates the existence
of a functional system of emergency
care. Each such function represents a
culmination of knowledge, interven-
tions and supplies. Performance can
therefore be assessed by investigation
of such functions, without the need to
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Fig. 3. Conceptual framework for critical time points in emergency care

Seeking care

Reaching care

Receiving appropriate care

>t

% Onset of acute illness/injury Mobilization | Arrival | Triage | Resuscitation | Diagnosis | Disposition | In-hospital definitive care
o atemergency
E centre
I
é
« Perception of care « Transportation — personal «Natural rate of progression of illness
quality at facility or public - Patient adherence to plan of care — religious and sociocultural beliefs
© « Perceived accessibility — «Cost « Ability to provide medical history
£ distance, cost, trasportation, «Distance — transit time, «Cost
‘:E weather outcome in transit
2 «llness — recognition, «Weather and seasonal
£ severity, etiology considerations
« Status — gender, economic,
education
g
E « Educational efforts «Facility distribution « System management — triage system, processes for patient « Necessity of transfer —
£ « Toll-free one call system « Facilitation of transport — flow, financial provision for patients vehicle availability
'% +Trained community taxi voucher, EMS « Human resources « Availability of critical
= members (activation, transport, scene « Health-care worker training specialists — surgeon,
E response capabilities) - Supplies, equipment, medications intensivist, obstetrician
+Type of response — tier-1 +Local policies mandating care - Staff availability and
versus tier-2 provider « Facility infrastructure — water, power, blood bank, (T, X-ray competency
« Passable road infrastructure + Hospital system
management
« Essential equipment

Out-of-hospital emergency care

Facility-based emergency care

CT: computed tomography; EMS; emergency medical services.
Note: Tier-1 providers are community-based voluntary or professional first responders whereas tier-2 providers are the paramedics, emergency medical technicians
and ambulance technicians who provide specialized prehospital care.

assess the individual components of
each critical intervention. For example,
researchers who observe the effective
administration of parenteral antibiotics
in a facility may reasonably conclude
that the facility has personnel who can
choose appropriate antibiotics, give
drugs intravenously and can administer
the relevant tubing, catheters and medi-
cation. If any component of the signal
function is absent, then that function
cannot be accomplished and the system
of care is deficient. This concept is par-
ticularly applicable to emergency care,
where a concatenation of many events
must often occur to produce the desired
function. Checklists to help assess the
capabilities of individual facilities in
completing each signal function for
maternal emergencies have already been
developed and successfully deployed.*
The African Federation for Emergency
Medicine has expanded the concept of
generalized emergency sentinel condi-
tions to include signal functions and
their associated required supplies.”’
Validation of the resultant emergency-
care assessment tool for health facilities
is currently underway.

420

Lessons learnt

The recent focus on assuring the de-
livery of effective obstetric emergency
care to reduce maternal mortality has
led to the development of an intellec-
tual framework that is largely applicable
to global emergency health in its broad-
est terms. Although recent develop-
ments in obstetric care have much in
common with potential developments
in general emergency care, the inher-
ent differences need to be appreciated.
Specifically, obstetric care is centred on
a physiological event that most often
concludes with few complications and
a new life. When they do arise, com-
plications are usually limited to the
time of gestation or birth. In contrast,
emergency care provides essential care
for pathological processes - including
acute exacerbations of noncommu-
nicable disease, acute infections and
trauma - that can happen at any point
in an individual’s life."!

The natural time constraint of
obstetric emergency care has often
allowed interventional packages
based on relatively simple solutions

Definitive care

to be successful - although a more
comprehensive functional system may
be needed to have scalable effective-
ness.*”” Notably, a recent large multi-
country survey by WHO revealed a
substantial mismatch between good
health outcomes and high coverage
of essential health services.” The
mismatch was thought to be attribut-
able to a shortage of comprehensive
emergency care for women. In the
absence of a comprehensive patient-
centred approach, provision of a
single element of care is unlikely to
improve mortality or morbidity. To-
gether, haemorrhage, sepsis and hy-
pertensive emergencies cause 52% of
maternal mortality but these are not
just pregnancy-related issues as they
can lead to mortality via the same
pathways as emergency sentinel con-
ditions.” Consequently, interventions
to treat these emergencies and others
can strengthen entire emergency sys-
tems and lead to many improvements
other than the expected reduction of
maternal mortality.”” A broad emer-
gency system that provides universal
access to life-saving interventions
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is able to treat emergencies in preg-
nancy as well as trauma and medical
emergencies.

We will need substantial infra-
structural changes to emergency sys-
tems if each of the three main delays
in emergency care is to be minimized.
However, the multiple changes needed
for a complete overhaul of emergency
systems may not be possible to imple-
ment simultaneously, particularly in
low-resource settings. Recent efforts to
offer a roadmap to overcome neonatal
mortality in low- and middle-income
countries have focused on a few key
strategies. The same strategies could
be applied more broadly to emergency
systems — by advocating for universal
health care, making emergency ser-
vices free to all, developing a system
that provides a basic level of emergency
care at community level, and develop-
ing strong monitoring programmes to
assure that key emergency services are
being delivered at health facilities.**
Such strategies could be pursued with
those targeted practical interventions
that have been shown to be markedly
effective when focused on critical time
points in the chain of survival.*'*** The

most cost-effective initiatives tend
to be those targeted at the delays in
the decision to access care and in the
identification of - and transportto - a
medical facility. For example, educa-
tion on the recognition of emergencies
and how to access the appropriate level
of care can be particularly effective but
relatively inexpensive. Investment in
the training of community members
to assist with emergency identifica-
tion and the transport of patients to
appropriate care has been shown to
significantly decrease mortality.®” The
staff in the more basic health facilities
can be trained to provide interventions
that can sustain a patient’s life until
the patient reaches a facility where
definitive care is available.”>*** It is
a common misconception that sub-
stantial investment in infrastructure
at a health-care facility is required to
accelerate access to appropriate care. In
fact, the implementation of standard-
ized emergency training courses - e.g.
WHO’s Emergency triage assessment
and treatment training course — can
lead to substantial reductions in mor-
tality without any major investment in
material infrastructure.”

Policy & practice
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Conclusion

While prevention remains critical,
treatment — within the context of a
patient-centred supportive system — will
be needed if we are to achieve large sus-
tained reductions in death and disability
resulting from emergency presentations.
As with maternal health, emergency care
requires not only that the patient or care-
giver recognizes that a life-threatening
or life-changing condition is occurring,
and that there is a need to seek care, but
also that timely access to adequate care
is available. Given the unpredictable na-
ture of health emergencies, there are few
quick fixes. However, strong emergency
systems can prevent delays at critical
time points. Such systems do not require
massive resource allocation but rather
a cost-effective, informed approach
that emphasizes the proven life-saving
interventions that are appropriate to the
context. Improving access to emergency
care, by minimizing the three main types
of delay in the delivery of such care, has
the potential to reduce mortality in every
field, system and population.
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Résumé

Appliquer les enseignements tirés de la réduction de la mortalité maternelle a la situation liée au traitement des cas

d’urgence sanitaire au niveau mondial

Au cours des dernieres décennies, la santé maternelle a figuré en bonne
place dans les priorités de la communauté internationale et cela sest
traduit par une baisse considérable de la mortalité maternelle au niveau

mondial. Or, méme si la morbidité et la mortalité liées aux urgences
médicales et chirurgicales sont bien plus élevées comparativement
a celles associées aux pathologies maternelles, les efforts menés au
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niveau mondial pour améliorer les systémes de soins d'urgence dans
leur intégralité attirent beaucoup moins d'attention. Une application
réfléchie et spécifique des concepts employés dans l'effort de réduction
de lamortalité maternelle pourrait entrainer des améliorations notables
au sein des services de santé d'urgence au niveau mondial. Le modele
dit « des trois retards », concu pour la mortalité maternelle, peut étre
transposé a la prestation des soins d'urgence. l'adaptation des cadres

Emilie J Calvello et al.

dévaluation pour y inclure des criteres-sentinelles évocateurs des cas
d'urgence vitale pourraient permettre une surveillance efficace des
centres d'urgences et la conception de politiques complémentaires.
Les futurs efforts consacrés aux systemes de soins d'urgence au niveau
mondial pourraient également bénéficier de l'intégration de stratégies
pour la planification et [évaluation d'interventions a fort impact.

Pesiome

ﬂpumeHeHme 3HaHUN, NoJIy4YeHHbIX B XoA4€e COKpalleHUA YPpOBHA CMePTHOCTU Cpean MaTEPEVI, K OKa3aHUto
HEeOT/I0XKHON MeMNLMHCKO NOMOLLN B Muposom MacwTabe

3a nocnefHne HeCKONbKO JeCATUNETUIA BOMPOC OXPaHbl 310POBbSA
maTtepell Obin B LIEHTPE BHUMAHWA MMPOBOro COODLLIECTBA, UTO
NPVIBENO K CYLLECTBEHHOMY CHUXEHMIO CMEPTHOCTV CPEAMN MaTepeN
BO BCEM MVpe. XOTA MO CPABHEHWIO C ypoBHEM 3aboneBaemMocTy
cpenn MaTepel Ha HeOTNIOKHOE COCTOAHVIE U CPOYHbIE onepaLmnm
NPUXOANTCA ropa3ao bonblie cnydvaes 3aboneBaemMocT u
CMePTHOCTY, robanbHble YCUnvs Obinv HanpaeneHbl Ha ynyylleHne
pPaboTbl KOMMMIEKCHBIX CUCTEM MPefOCTaBAeHNA HEOTIOXHOM
MeaNLUMHCKOM nomoLLy. O6ayMaHHOE 1 KOHKPETHOE MPUMEHEHNE
KOHLIEMLWIA, MUICNOMb3yembiX 1718 CHVXKEHWIA Y POBHS CMEPTHOCTV Cpeau
MaTepel, MOXeT NPUBECTU K 3HAUMTESNbHbIM YiyUlIeHUSM B Aene
OKa3aHMs HEOTNIOKHOW MEANLIMHCKOM MOMOLLY Ha MUPOBOM YPOBHE.

Tak Ha3blBaeMyIo MOAESb TPEX 33AEPXKEK, KOTOPYIO Pa3paboTani AN
PeLLEHMA BONPOCa CMEPTHOCTM CPev MaTepei, MOXHO MPUMEHNTH
N K yCnyram HeoTNOXHOM MedUUMHCKOW nomolly. Apgantayma
CUCTEMbI OL|EHKHM C BKIIIOUEHMEM B Hee 3KCTPeMarlbHbIX Crlydyaes
NpeaoCcTaBneHna HeOTIOKHOM NOMOLLM MO3BOMUT MPOBOAUTD
3OGEKTUBHBIA MOHUTOPUHT YUYPEXAEHWN CKOPOW MOMOLLN 1
COBEPLIEHCTBOBATb COOTBETCTBYIOLLYIO MOANTUKY. BKitoueHre
cTpaternii NNaHMpPOBaHUA U OLEHKM BbICOKOIDDEKTUBHbIX
MEpPONPUATUA MOXeT SOGEKTUBHO MCMOMNBb30BaTLCA B OYAYLINX
YCUNVIAX MO NPeAOCTABNEHIII0 HEOTIIOKHOW MEAMLIMHCKOM MOMOLLN
B MVPOBOM MacluTabe.

Resumen

Aplicacion de las lecciones de reduccion de la mortalidad materna a la sanidad de emergencia mundial

A lo largo de las Ultimas décadas, la salud materna ha sido un foco
importante de la comunidad internacional y esto ha llevado a una
disminucion considerable de la mortalidad materna a nivel mundial.
Aunque, en comparacién con las enfermedades de la madre, las
emergencias médicas y quirdrgicas son una causa mucho mas
importante de morbilidad y mortalidad, se ha puesto menos atencién
en los esfuerzos mundiales para mejorar los sistemas integrales de
emergencia. La aplicacion profunda y especifica de los conceptos
utilizados en el intento de disminuir la mortalidad materna puede

llevar a mejoras importantes de los servicios sanitarios de emergencia
mundiales. El denominado modelo de tres retrasos que se desarrolld
para la mortalidad materna se puede adaptar a la prestacion de servicios
de emergencia. La adaptacion de los marcos de evaluacion para incluir
condiciones centinela de emergencia podrfa permitir una supervisién
efectiva de las instalaciones de emergencia y la elaboracién de
politicas adicionales. Los esfuerzos futuros en la sanidad de emergencia
mundial podrian beneficiarse de la incorporacion de estrategias para la
planificacion y evaluacion de intervenciones de gran impacto.
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